Monocrotophos is an organophosphate pesticide used in agriculture to control a range of insect pests. The aim of this study was to investigate the sub-lethal toxicity of the pesticide at different concentrations on rat liver. Experimental animals were chronically exposed to different concentrations of monocrotophos (0.625, 1.25, 2.5, 5.0 and 10.0 ml/kg body weight/day p.o.) for 14 days. The control rats were placed on borehole water devoid of pesticide. The toxic potential was evaluated using transaminases as bio-markers. Oral administration of the pesticide significantly increased the hepatosomatic index of the animals when compared with the control after 14 days of treatment. A significant reduction was also observed in the activities of aspartate transaminase (AST) and alanine transaminase (ALT) in the liver, which were significantly increased in the serum in a concentration dependent manner following ingestion of the pesticide. The findings from the present study showed that exposure to monocrotophos may compromise normal functioning of the liver.
INTRODUCTION
Organophosphate pesticides are a group of manmade chemicals that are poisonous to terrestrial and aquatic animals. Common organophosphate pesticides include acephate, chloropyriphos, diazinon, disulfoton, phosmet, monocrotophos and profenofos. They are the most widely used pesticides in the world especially in large farms, homes, gardens and veterinary practices (Marrs, 1993) . Monocrotophos is a brownish yellow liquid with a sharp smell that irritates the eyes and skin. The IUPAC name is dimethyl (E)-1-methyl-2-(methylcarbamoyl) vinylphosphate. Molecular formula is C 7 H 14 NO 5 P and molecular weight is 223.2.
Monocrotophos was developed by Shell Chemical
Company and Ciba Geigy Limited in 1965. It was first registered in Australia in 1968 to control various insect pests in cotton and pomes fruit with residue limits set for apples, pears and cotton seed. Uses were extended to potatoes, tomatoes, sweet corn, bananas, beans and cereals throughout the 1970s and 1980s. Some of the main insect pests controlled by this pesticide are locusts, various aphids, mites, green vegetable bugs and budworms (Jeyaratnam, 1990) . Following concern on its toxicity to non-target species especially birds, monocrotophos was voluntarily withdrawn from sale in the US in 1989. It was also banned in Indonesia, Sri Lanka and Philippines while its use is severely restricted in Kuwait and Malaysia (Quinn, 2000) .
Monocrotophos is still in use in Nigeria and it is usually applied directly on agricultural land primarily to control pests and improve crop yield to meet the high demand for food by the fast growing population. However, after heavy rains, the pesticide eventually find its way into water bodies like rivers and streams through surface run off or as aerosols carried by wind thereby polluting the water. This may have negative consequences especially for rural inhabitants that depend on such water for the domestic purposes. Hence, the need to investigate the sub-lethal toxicity of the pesticide.
In Nigeria, studies on chemical toxicity as it applies to aquatic organisms have been carried out (Bostveld et al., 1993; Dambo, 1993; Dieter et al., 1996; Chindah, 1998; Chindah et al., 2000 Chindah et al., , 2001 . However, systematic studies on pesticide toxicity as it affects mammals are very scanty despite several decades of its introduction, wide use and magnitude. Therefore, the present study is aimed at exploiting changes in activities of liver transaminases of Wistar rat as a possible means of understanding the toxicological effect of monocrotophos which is a commonly used pesticide in Nigeria.
MATERIALS AND METHODS
Chemicals and assay kits: Monocrotophos procured from Agro-Chemical Store, Ilorin, Nigeria was mixed with appropriate volume of borehole water to give the required concentrations for the experiment. The assay kits used for determining the activities of aspartate transaminase (AST) and alanine transaminase (ALT) were products of Randox Laboratories Limited, Ardmore, Co Antrim, United Kingdom. All other reagents used were of analytical grade.
Animals used:
Male albino rats of Wistar strain with a mean weight of 66.40 ± 2.24 g were obtained from the Animal Holding Unit of the Department of Biochemistry, University of Ilorin, Nigeria. The animals were housed in clean metabolic cages placed in a well ventilated house with optimum condition (temperature: 23±1 o C; photoperiod: 12 h natural light and 12 h dark; humidity: 45-50%). They were acclimatized to animal house conditions and allowed free access to commercial pelleted rat chow (Bendel Feeds and Flour Mills Ltd., Ewu, Nigeria) and water. The cleaning of the cages was done on a daily basis. This study was carried out following approval from the Ethical Committee on the use and care of animals of the University of Ilorin, Nigeria.
Experimental design: Forty eight male rats were completely randomized into six groups (n = 8 in each group). Group 1 (control) was administered with 2 ml of borehole water while groups 2 to 6 were given 2 ml of 0.625, 1.25, 2.5, 5.0 and 10.0 ml/kg body weight/day of monocrotophos respectively p.o. The administration was done using metal oropharyngeal cannula and the treatment continued for 14 days. The animals were examined daily throughout the experimental period for any physical changes.
Collection of blood sample and isolation of liver:
On day 15, twenty four hours after the last dose, the rats were sacrificed by ether anaesthetization and the neck area was quickly cleared of fur to expose the jugular vein. The vein, after being slightly displaced, was sharply cut with sterile surgical blade for blood collection. An aliquot (3 ml) of the blood was collected into test tubes and allowed to stand in slant position for 5 min before being centrifuged at 1282 x g for 5 min. The supernatant comprising the serum was carefully aspirated with a Pasteur pipette into sample bottles for the assay of enzymatic activities. The rats were quickly dissected and the whole liver was excised, freed of fat, blotted with clean tissue paper and then weighed. The liver to body weight ratio was determined by comparing the weight of the organ with the final body weight of each animal. Portion of the liver was homogenized in ice-cold 0.25 M sucrose solution for biochemical assay.
Enzyme assay: The protein content in the serum and liver homogenate was determined by Biuret method (Henry et al., 1974) . The activities of ALT and AST were assayed in the liver and serum using the procedure described by Schmidt and Schmidt (1963) .
Statistical analysis: Data were expressed as mean ± SD of eight replicates and were subjected to one way analysis of variance to determine significant differences between treatment means. Values were considered statistically significant at p<0.05.
RESULTS
Oral administration of monocrotophos to rats resulted in a concentration dependent increase in hepatosomatic index (Table 1) . Generally, the effect of the treatment began to manifest at 1.25 ml/kg body weight of the pesticide.
The activities of AST and ALT in the liver and serum following treatment with monocrotophos p.o. in the rats are presented in Tables 2 and 3 respectively. Compared to the control, a significant reduction (p<0.05) was recorded for the activities of these enzymes in the liver whereas their activities increased significantly (p<0.05) in the serum in a concentration dependent manner. 
DISCUSSION
The most likely route of exposure to monocrotophos for the public is through contamination of water bodies following run-offs from heavy rainfall. This contamination may not necessarily lead to outright mortality but may have significant effects which can lead to physiological stress and organ dysfunction in animals. The severity or degree of the problems is dependent upon the concentration of monocrotophos in the water. The ingestion of monocrotophoscontaminated water may manifest in various ways including physical and biochemical changes. In the present study, evidences are presented to address the possible sub-lethal effects that can manifest following consumption of monocrotophoscontaminated water by rats.
Several physical deteriorations were observed in the experimental animals including changes in appearance, feeding habit, agility and growth rate. As the experiment progressed by the day, the monocrotophos treated rats looked rough, sick, weak and exhibited limited movement. The severity of these signs was however concentration dependent. Similar observations have been reported in previous studies and were attributed to the effect of monocrotophos on central nervous system with the action of inhibiting acetylcholinesterase which is a neurotransmitter (Moretto, 1998; Pope, 1999; Costa, 2006; Biorling-Poulsen et al., 2008) .
The increase in hepatosomatic index observed in the monocrotophos treated animals in this study might be a result of liver inflammation (Moore and Dalley, 1999) . This is an indication of liver damage which probably accounted for the reduced functional capacity as reflected by the increased serum levels of marker enzymes. Similar observation was reported by Nims et al. (1987) . According to these authors, exposure of rat to barbiturates resulted in significant increase in liver weight and hepatosomatic index. Therefore, ingestion of monocrotophos portends serious adverse effects on rat liver.
The transaminases (AST and ALT) are well known enzymes used as biomarkers to predict possible toxicity (Rahman et al., 2001) . Generally, damage to liver cells will result in elevation of both these enzymes in the serum (Wolf et al., 1972) . Therefore, measurement of enzymic activities of AST and ALT in the serum is of clinical and toxicological importance as changes in their activities are indicative of liver damage by toxicants or in diseased condition (Singh et al., 2001) .
In this study, the observed reduction in the activities of AST and ALT in the liver of rats when compared with the control could be a result of exposure to monocrotophos. The present findings support the result of earlier study by Sunmonu and Oloyede (2009) where the activities of transaminases in rat liver were reduced following ingestion of crude oil contaminated diet. Similar observation was also reported for the activities of transaminases in the liver of fish following exposure to chemical compounds (Abdel Tawwab et al., 2001; Mousa and Khattab 2003; Sarma et al., 2009) . The reduction in activities of transaminases in the liver may be attributed to interference of the pesticide with protein metabolism in the hepatic cells or inhibition of the enzymes (Karmen et al., 1995) . It is also possible that there is leakage of the enzymes from the liver into the serum, accounting for the significant increase in enzyme activities in the serum. All these are evidences of possible damage to the hepatocytes of rats by monocrotophos.
CONCLUSION:
The present study clearly revealed that exposure to monocrotophos could lead to functional damage of hepatocytes as reflected by alterations in activities of the transaminases and liver to body weight ratio. This biochemical dysfunction may interfere with the homeostatic processes which may ultimately affect the survival of the animals. The changes in the activities of the enzymes reinforced their important roles in metabolism and further showed that they are potential bio-markers that could be employed for chemical-induced hepatotoxicity in Wistar rats.
